Polymerase chain reaction and fragment analysis
Seventeen bovine, ovine, and caprine microsatellite markers were selected according to the recommendations of the Food and Agriculture Organization of the United Nations (6) . Two multiplex groups were formed with 17 microsatellites. The first and second multiplex groups consisted of 9 (BM1818, D5S2, INRA0023, INRA0132, OARAE0129, OARCP34, OARFCB193, OARFCB20, and OARFCB304) and 8 (BM1329, BM8125, CSRD0247, HSC, MAF214, McM0527, OARFCB128, and OARJMP29) microsatellites, respectively.
Polymerase chain reaction (PCR) amplifications were carried out in 25-µL total volumes, each containing 0.10 µM of each primer (with the forward primer labeled as D2, D3, or D4), 0.20 mM dNTPs (Applied Biological Materials Inc., Canada), 2.0 mM MgCl 2 , 1X PCR buffer, 1 U of Taq DNA polymerase (Applied Biological Materials Inc.), and ~50 ng of DNA. Specific genomic regions were amplified by using different touchdown PCR protocols for each multiplex group (Table 2) .
Fluorescently labeled PCR fragments were separated by capillary electrophoresis in the GenomeLab GeXP Genetic Analysis System (Beckman Coulter, Inc., USA). (13) . The genetic structure of the populations was investigated using STRUCTURE (14) . Analysis was performed with a burn of 20,000 in length, followed by 100,000 Markov chain Monte Carlo iterations for each from K = 2-4, with 20 replicate runs for each K, using independent allele frequencies and an admixture model. Evanno's method (15) was used to identify the appropriate number of clusters using ΔK, based on the rate of change in the log probability of the data. Table 3 ). The Ĥ value for all loci studied was 0.77. The highest observed Ho value was observed in the MAF214 locus (0.83), and the Table 3) .
Results
The results of the breed-based evaluation are summarized in Table 4 . The highest value in terms of mean allele number was seen in the KM breed (15.18) . F IS values changed between 0.1100 (SZ) and 0.2490 (KM).
Nine loci in the GA breed, 14 in the KIV breed, and the loci studied in KM and SZ breeds did not fit HardyWeinberg equilibrium. A total of 115 private alleles were observed in the GA, KIV, KM, and SZ breeds. However, only 7 had a frequency higher than 5%. The highest number of alleles among breeds was found in the KM breed.
When the dendrogram (Figure 1 ) was examined, 2 different groups emerged with KM-KIV and GA-SZ breeds belonging to the same groups.
The results of STRUCTURE analysis containing different numbers of clustering are given in Figure 2 . The results obtained from structure analysis are similar to the dendrogram given in Figure 1 . For the purpose of presenting the suitable cluster number (K) in structure analysis, the results are given in Table 5 . The ΔK value, which was taken from 4 studied breeds, shows that the most suitable group number was 3 (K = 3).
Discussion
The total allele numbers, mean allele number per locus, effective number of alleles, and mean heterozygosity (0.87) observed in 17 microsatellite loci were higher than those reported in the literature (16) (17) (18) (19) (20) (21) (22) (23) (24) . These findings indicate that the used microsatellite markers can be reliably used to measure genetic diversity for these breeds. The high level of heterozygosity observed can be explained by Turkey's geographic closeness to sheep domestication centers. In accordance with these findings, all loci used in this study were highly informative, as the PIC values indicated.
The mean values of F ST , F IS , and F IT were higher than the values reported by Cemal et al. (18), Hoda and Marsan (20) , and Santos-Silva et al. (22) and lower than the values reported by Agaviezor et al. (25) . The mean F ST value determined for all the loci can be accepted as a sign of the weakness of genetic diversity among the breeds. F IS values showed that there was heterozygosity loss in 13 microsatellite markers, excluding OarFCB20, BM1329, and MAF214 loci. The G ST value indicates that 7.9% of total genetic variation resulted from the differences between the populations, whereas 92.1% can be explained by the difference between individuals. Mean G ST value observed in this study was higher than the values reported by Agaviezor et al. (25) and relatively lower than the values reported by Arora and Bhatia (17) . The general mean D ST value was found higher than the value reported by Hoda and Marsan (20) . The D ST value obtained from this study can be considered as an indicator of low genetic diversity between breeds. In this study, the obtained MNA value in terms of the breeds was found to be higher than in the literature (20, 26, 27) . MNA was an indicator of within-breed diversity. The results show that obtained MNA values for the breeds were higher than in some other studies (19, 27, 28) . Observed (Ho) and expected (He) heterozygosity values according to breeds were found to be higher than the values reported by Kusza et al. (29) . The mean F IS value observed in this study was lower than the values reported by Kusza et al. (29) and Yilmaz et al. (30) , and higher than the values reported by Hoda and Marsan (20) and Budak Yıldıran and Çakır (31) .
It was found that 17 loci in both the SZ and KM breeds, 14 loci in the KIV, and 9 loci in the GA breed did not fit Hardy-Weinberg equilibrium. This might be a result of the selection programs that have been carried out for several years for the KM and KIV breeds, and of the genetic conservation implemented for the GA and SZ breeds. The determined 7 private alleles can be said to have the property of being able to determine the breeds. Although the GA and SZ breeds were in the same group in this study, Acar (32) reported that these breeds were to be localized in different groups. The differences between the literature and the present study are expected due to the use of different samplings and a different number of microsatellites.
The contribution of the KIV breed to KM formation was clearly demonstrated with STRUCTURE analysis. However, it was interesting that two different native (33) . Considering this information, this is an expected finding. The results of the structure analysis show a high level of breed admixture. ΔK values peaked at K = 3, indicating strong support for 3 groups. An examination of Figure 2 shows that GA and SZ breeds are in the same group and KM and KIV breeds are separated into 2 groups. The high genetic similarity between GA and SZ breeds raised on the coastline of the Aegean region has resulted in a suitable group number of 3 in STRUCTURE analysis.
Research on molecular genetics identification of Turkish sheep breeds has increased, particularly in recent years. However, there is limited literature on genetic diversity studies based on microsatellites. Therefore, this study will make a significant contribution to the literature. Our results showed that within-breed diversity was higher than between-breed diversity. This situation can be seen as an opportunity in terms of breeding programs and genetic conservation programs for these breeds. Our findings revealed that the microsatellite markers used in this study can be successfully used in genetic diversity studies.
In conclusion, the results obtained from this study showed that the used microsatellite markers can be used reliably to measure genetic variation for 4 native Turkish breeds. In addition, the results of this study, which was carried out on the KIV, SZ, GA, and KM sheep breeds, will contribute to the literature and serve as a basis for future studies.
